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METHOD FOR PROVIDING AN IMPROVED 
RUN-LENGTH ENCODING ALGORITHM 

FOR DATA COMPRESSION 

FIELD OF THE INVENTION 

The present invention relates to data compression, and 
more particularly to run-length encoding data compression. 

BACKGROUND OF THE INVENTION 

Data compression is important in the area of data trans 
mission and storage. One family of algorithms for data 
compression is the run-length encoding algorithms. Run 
length encoding algorithms are frequently the method of 
choice for data compression When data predominantly con 
sists of sequences of equal-valued bits, such as visual 
images, because of the high compression ratios they can 
attain. 

In this family of data compression algorithms, often, an 
alphabet of symbols is de?ned, Where such a symbol can 
consist of one or more bits. Then the data compression is 
achieved by representing the data as pairs of a symbol and 
its repeat factor, i.e., its successive occurrence. In the case 
Where the alphabet consists only of tWo bit values, such as 
0 and 1, an alphabet need not be de?ned because successive 
repeat factors, commonly also referred to as, run-lengths, 
can designate the length of sequences of alternating bit 
values: one repeat factor is the number of O-valued bits and 
the next repeat factor is the number of 1 -values bits. If one 
bit value predominantly occurs With a repeat factor of one, 
then only the repeat factor of the opposite bit value Which 
occurs With varying repeat factors may be Written. This 
implies that betWeen any tWo such repeat factors, there is a 
single bit of the opposite bit value. 
Aproblem that limits the efficiency of run-length encod 

ing algorithms is that the repeat factors themselves occupy 
a certain number of bits, and it can be dif?cult or impossible 
to determine the optimal number of bits to represent these 
repeat factors, especially Without knoWing the actual data to 
compress. To aggravate the problem, even if the distribution 
of repeat factors for the entire data set or bit stream Were 
knoWn before the encoding process is to begin, the best 
choice of the number of bits to encode the repeat factor need 
not be constant throughout any one data set or bit stream. In 
these cases, a sub-optimal data compression ratio most 
likely results from any ?xed choice of the number of bits to 
encode the repeat factor. Using too many bits to represent 
the repeat factors is Wasteful and contrary to the objective of 
data compression. Using not enough bits to represent the 
repeat factors Would force the algorithm to introduce Zero 
length sequences of the opposite bit-value, or other mea 
sures for the same purpose, and to then encode the remainder 
of the sequence that Was too long to represent, in the same 
fashion. 

One example of the problem above occurs in a multicast 
satellite system. FIG. 1 illustrates such a conventional 
satellite system 100 Which may use data compression algo 
rithms. The system includes a central site 102, at Which is a 
transponder 110 and a server 112. The central site 102 
communicates With remote clients 104 via a satellite 108. 
Receivers 106 at the client sites facilitate this communica 
tion. To ensure the correct delivery of data over the satellite 
108 to remote clients 104, the multicast application server 
112 must be able to determine if the data Was received 
correctly by all addressed clients, and the server 112 must 
resend the incorrectly received data. Therefore, the clients 
104 must respond to the server 112, indicating Which of the 
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2 
data need to be resent, either because they Were missed 
altogether, or because they contain more transmission errors 
than What can be reconstructed. The response from each 
client can be different from that of any other client, and the 
amount of back traffic from all clients 104 to the server 112 
Will scale approximately linearly With the number of receiv 
ers. This client response data traffic, or back traf?c, is a 
serious burden not only for the central site server 112, but 
also for the server’s local netWork Which may not have 
suf?cient bandWidth and/or responsiveness to handle this 
client response traffic Without impacting other duties of that 
netWork. In the case Where the server 112 sends the payload 
data by satellite 108 While the clients 104 respond over a 
much sloWer terrestrial netWork, this client response traf?c 
may be the single most serious limiting factor to increasing 
the number of clients. Thus, the ?ooding of a multicast 
sender/server 112 by the responses from its clients 104, 
called client response implosion, is a common and signi? 
cant impediment to the runtime performance and to the 
scalability in the number of receivers and of multicast and 
broadcast applications. The possibility of client response 
implosion is aggravated When transmission errors increase 
due to adverse Weather conditions, obscuring of the line of 
transmission, or sun spot activity. The ef?ciency of the 
run-length encoding algorithm used in data compression by 
the netWork is therefore a critical factor. 

Accordingly, there exists a need for a method for provid 
ing an improved run-length encoding algorithm for data 
compression. The present invention addresses such a need. 

SUMMARY OF THE INVENTION 

The present invention provides an improved method for 
encoding a plurality of bit sequences. The present invention 
includes reading a bit sequence; determining a minimum 
number of bits for a repeat factor for the bit sequence, Where 
the minimum number of bits is variable; and encoding the bit 
sequence using the repeat factor. The method provides an 
improved run-length encoding algorithm by using a strategy 
Where the number of bits used to represent the repeat factor 
(RF) varies for each individual sequence of equal-valued 
bits. Rather than conventionally representing the RF by any 
predetermined and ?xed number of bits, the RF of the 
present invention is represented by the minimum number of 
bits to binary-encode that repeat factor as an unsigned 
integer. The key advantage of providing the variable Width 
RF run-length encoding algorithm is that the RF for each 
individual bit sequence is represented using only the mini 
mum number of bits necessary, regardless of any previous or 
folloWing RF. Consequently, a compression ratio can be 
obtained, Which is higher than that obtained With the con 
ventional algorithms, over a Wide range of sequence length 
distributions in the data to compress. Additionally, the 
variable Width RF is data driven in that the data to compress 
is What controls hoW many bits are used to represent the RF. 
Therefore, it is unnecessary to knoW the bit value sequence 
distribution in advance, Which makes the method in accor 
dance With the present invention Well suited for real-time 
application. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates a conventional satellite system Which 
may use data compression algorithms. 

FIG. 2 is a How chart illustrating a preferred embodiment 
of a method for providing an improved run-length encoding 
algorithm for data compression in accordance With the 
present invention. 
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FIG. 3 is a How chart illustrating in more detail the 
preferred embodiment of the method for providing an 
improved run-length encoding algorithm for data compres 
sion in accordance With the present invention. 

FIG. 4 is a How chart illustrating in more detail the 
initialiZing step in accordance With the present invention. 

FIG. 5 is a How chart illustrating in more detail the Writing 
the Zero length sequence in accordance With the present 
invention. 

FIG. 6 is a How chart illustrating in more detail the Writing 
of the encoded sequence in accordance With the present 
invention. 

FIG. 7 is a How chart illustrating in more detail the 
determining of the RFEW in accordance With the present 
invention. 

DETAILED DESCRIPTION 

The present invention provides a method for providing an 
improved run-length encoding algorithm for data compres 
sion. The folloWing description is presented to enable one of 
ordinary skill in the art to make and use the invention and is 
provided in the context of a patent application and its 
requirements. Various modi?cations to the preferred 
embodiment Will be readily apparent to those skilled in the 
art and the generic principles herein may be applied to other 
embodiments. Thus, the present invention is not intended to 
be limited to the embodiment shoWn but is to be accorded 
the Widest scope consistent With the principles and features 
described herein. 

The method in accordance With the present invention 
provides an improved run-length encoding algorithm by 
using a strategy Where the number of bits used to represent 
the repeat factor (RF) varies for each individual sequence of 
equal-valued bits. The RF is the number of successive 
repetitions of the same bit value in a bit sequence to 
compress. Rather than conventionally representing the RF 
by any predetermined and ?xed number of bits, the RF of the 
present invention is represented by the minimum number of 
bits to binary-encode that repeat factor as an unsigned 
integer. 

In the preferred embodiment, the number of bits needed 
to represent the RF of a sequence of equal-valued bits is 
Written to the output bit stream (OBS) before the actual RF, 
using a small parameteriZed number of bits, called the repeat 
factor encoding Width The ?rst item of information 
constituting a bit sequence compressed With the method in 
accordance With the present invention is the RFEW. The 
actual RF is then represented using repeat factor Width 
(RFW) bits. For example, if the RFEW is 4 bits, then the 
RFW can range from 1 to 16 bits. The RFW can never be 
smaller than 1 bit, since even a RF of Zero needs one bit to 
be represented. For an RFW of 1 to 16 bits, a RF can attain 
values ranging from Zero to 216-1, or 65,635. 

To more particularly describe the features of the present 
invention, please refer to FIGS. 2 through 7 in conjunction 
With the discussion beloW. 

FIG. 2 is a How chart illustrating a preferred embodiment 
of a method for providing an improved run-length encoding 
algorithm for data compression in accordance With the 
present invention. First, a bit sequence to encode is read, via 
step 202. Next, a minimum number of bits for a RF for the 
bit sequence is determined, Where the minimum number of 
bits is variable, via step 204. Then, the bit sequence is 
encoded using the RF, via step 206. 

For example, assume that a bit sequence for one thousand 
consecutive “1”’s is to be encoded. The RP for this bit 
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4 
sequence is thus one thousand as Well. The binary repre 
sentation of the RF is “1111101000”, Which occupies ten 
bits. The RF Width Would be ten, Which is “1010” in binary. 
HoWever, no RF can occupy less than one bit, because even 
a RF of Zero requires one bit to encode that Zero. Therefore, 
one is alWays implicitly added to the RF Width, Which is 
encoded in the ?rst RFEW bits of an encoded bit sequence. 
Consequently, in this example, the RF of one thousand, With 
the resulting binary RF Width of ten bits, the ?rst four bits 
of the encoded sequence Will contain the value of nine, or 
“1001” in binary. FolloWing these initial RFEW bits are the 
ten bits that encode the RE of one thousand. Thus, the bit 
sequence of one thousand consecutive equal bits is encoded 
into a fourteen bit long output sequence, “10011111101000”, 
Where the ?rst bits, “1001” is the RFEW. The resulting 
compression ratio is 1000/14, or 71.4. Although this 
example illustrates a RFEW of four bits, any number of bits 
may be used. 

FIG. 3 is a How chart illustrating in more detail the 
preferred embodiment of the method for providing an 
improved run-length encoding algorithm for data compres 
sion in accordance With the present invention. First, the 
process is initialiZed, via step 302. FIG. 4 is a How chart 
illustrating in more detail the initialiZing step 302. In the 
initialiZation, the ?rst bit from the input bit stream (IBS) is 
read, and the global variable “previousibit” is set equal to 
the ?rst bit, via step 402. If previousibit is determined to 
not be equal to Zero, via step 404, then a Zero length encoded 
sequence is Written, via step 406. The global variable 
“cleanup” is set equal to “TRUE”, via step 408, and the 
global variable for the RF, “repeatifactor”, is set equal to 
one, via step 410. The variable “cleanup” indicates Whether 
or not an encoded sequence is to be ?ushed to the OBS. If 
previousibit is determined to be equal to Zero, via step 404, 
then the initialiZing step skips step 406 and proceeds to step 
408 and 410. HoWever, Whether the convention requires the 
?rst bit of the OBS to be Zero, as is used above, or one, is 
arbitrary. The predominant bit value of the IBS should be 
used. 

FIG. 5 is a How chart illustrating in more detail the Writing 
the Zero length sequence (step 406, FIG. 4) in accordance 
With the present invention. First, the repeatifactor is set 
equal to Zero, via step 502. Then, the encoded sequence is 
Written, via step 504. 

Returning to FIG. 3, once the encoding process is initial 
iZed via step 302, it is determined if the IBS is empty, via 
step 304. If so, then if cleanup equals TRUE, then the 
encoded sequence is ?ushed to the OBS, via step 306. If not, 
then the next bit of the IBS is read and the global variable 
“currentibit” is set equal to the next bit, via step 308. Then, 
it is determined if currentibit equals previousibit, via step 
310. If not, then the end of a sequence of equal bits has been 
reached and currentibit is the ?rst bit of the next bit 
sequence. Previousibit is then set equal to currentibit to 
track the bit value of the next bit sequence, via step 312. The 
encoded sequence is then Written, via step 314. The RF is 
reset equal to one, via step 316, and cleanup is set to FALSE, 
via step 318, since the old sequence has already been ?ushed 
to the OBS. The process then loops back to step 304. 

If currentibit is equal to previousibit, via step 310, then 
the value of repeatifactor is incremented by one, via step 
320, in order to count the number of sequential equal bits. If 
the incremented repeatifactor has exceeded a preset maxi 
mum value, via step 322, then repeatifactor is set equal to 
the maximum value, via step 324. (This maximum value is 
2A(2ARFEW)—1). Then, the encoded sequence is Written, via 
step 326, and a Zero length sequence of the opposite bit value 
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is inserted after the encoded sequence, via step 328. The 
repeatifactor is then reset equal to one, via step 320, and 
cleanup is set to TRUE, via step 332. The process then loops 
back to step 304. 

FIG. 6 is a flow chart illustrating in more detail the Writing 
of the encoded sequence (steps 326 and 314, FIG. 3; step 
504, FIG. 5) in accordance With the present invention. First, 
the RFEW for the value of repeatifactor is determined, via 
step 602. Next, the value of the RFEW is Written to the OBS, 
via step 604. Then, the value of repeatifactor is Written to 
the OBS, via step 606. 

FIG. 7 is a flow chart illustrating in more detail the 
determining of the RFEW (step 602, FIG. 6) in accordance 
With the present invention. First, it is determined if repeati 
factor is less than or equal to one, via step 702. If it is, then 
a one is returned for the RFEW, via step 704. If not, then a 
RFEW equal to one plus the largest integer not greater than 
the binary logarithm of repeatifactor is returned, via step 
706. 

The key advantage of providing the variable Width RF 
run-length encoding algorithm in accordance With the 
present invention is that the RF for each individual bit 
sequence is represented using only the minimum number of 
bits necessary, regardless of any previous or folloWing RF. 
Consequently, a compression ratio can be obtained, Which is 
higher than that obtained With the conventional algorithms, 
over a Wide range of sequence length distributions in the 
data to compress. Additionally, the variable Width RF is data 
driven in that the data to compress is What controls hoW 
many bits are used to represent the RF. Therefore, it is 
unnecessary to knoW the bit value sequence distribution in 
advance, Which makes the method in accordance With the 
present invention Well suited for real-time application. 

To demonstrate the higher compression ratio obtained by 
the method in accordance With the present invention, assume 
that there are bit sequences of 1000 “0”’s, 20“1”’s, and 300 
“0”’s to be encoded, as illustrated in the table beloW. 

TABLE 1 

Bits after compression 
With method in 
accordance With 
present invention With 

Bits after compression 
With Conventional 
method With RF ?xed 

Uncompressed 
bit 
sequence Width of 4 bits variable Width RF 

1000 x “O” 532 14 
20 x “1” 12 9 

300 x “O” 156 2 

TOTAL 1320 700 36 

Using a conventional run-length compression algorithm 
With a RF ?xed With of 4 bits, the sequence of 1000 
consecutive “0”’s require 67 RF and 66 sequences for the 
opposing value in betWeen each RF, requiring 532 bits. For 
the sequence of 20 consecutive “1”’s, 2 RF’s are required 
plus 1 for the opposing value in betWeen the RF’s, requiring 
12 bits. For the sequence of 300 consecutive “0”’s, 20 RF’s 
are required plus 19 for the opposing value in betWeen each 
RF, requiring 156 bits. Thus, With the conventional run 
length compression algorithm, a total of 700 bits is required 
to encode the bit sequences. The compression ratio is 
1320/700=1.89. 

In contrast, With the method in accordance With the 
present invention, the sequence of 1000 consecutive “0”’s 
require one RF With a Width of 10 bits; the sequence of 20 
consecutive “1”’s require one RF With a Width of 5 bits; and 
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6 
the sequence of 300 consecutive “0”’s require one RF With 
a Width of 9 bits. ARFEW With 4 bits is needed for each RF, 
resulting in 14 bits to encode the 1000 “0”’s, 9 bits to encode 
the 20 “1”’s, and 13 bits to encode the 300“0”’s. Thus, With 
the run-length compression algorithm in accordance With the 
present invention, Which uses a variable RF Width, a total of 
36 bits is required to encode the bit sequences. The com 
pression ratio is 1320/36=36.7. Therefore, a higher com 
pression ratio is accomplished, Which signi?cantly exceeds 
that accomplished by the conventional run-length encoding 
algorithm. 

In the context of the satellite netWork illustrated in FIG. 
1, several advantages are obtained With the method in 
accordance With the present invention. Since a higher com 
pression ratio is possible, the data load on the local netWork 
environment of the server 112 is much lighter than Without 
using the algorithm of the present invention. This has tWo 
consequences. First, it may make some customer installa 
tions feasible because the customer’s existing or planned 
data netWork could not otherWise tolerate the additional 
burden imposed by the uncompressed back traf?c from 
multicast applications. Second, the reduction of the Work 
load of the server’s local netWork may noW alloW the 
upgrade of the existing or planned system to a much larger 
total number of clients. Also, having to process signi?cantly 
less data in the back traf?c, the server 112 is less likely to be 
overrun by the client responses. 
The decompression of the algorithm in accordance With 

the present invention does not require a sophisticated algo 
rithm. Since sustained data traf?c from memory to the 
processor (not shoWn) of the server 112 can be a major 
performance bottleneck of that server When processing 
client back traf?c, data compression in accordance With the 
present invention can improve the overall speed at Which the 
server 112 can process the client responses. This is because 
less response data per client has to be piped into the 
processor as compared to using conventional compression 
methods. This, in turn, improves the overall throughput of 
the server 112 Which noW has some of its resources freed. 
The implementation of the algorithm in accordance With the 
present invention requires very little resources in terms of 
central processing unit (CPU) cycles, and almost none in 
terms of memory beyond What is needed to contain the 
executable code implementing it. The data to be compressed 
have to be read/processed only once, i.e., they can be piped 
through an implementation of the present invention. 
A method for providing an improved run-length encoding 

algorithm for data compression has been disclosed. The 
method in accordance With the present invention provides an 
improved run-length encoding algorithm by using a strategy 
Where the number of bits used to represent the repeat factor 
(RF) varies for each individual sequence of equal-valued 
bits. Rather than conventionally representing the RF by any 
predetermined and ?xed number of bits, the RF of the 
present invention is represented by the minimum number of 
bits to binary-encode that repeat factor as an unsigned 
integer. The key advantage of providing the variable Width 
RF run-length encoding algorithm in accordance With the 
present invention is that the RF for each individual bit 
sequence is represented using only the minimum number of 
bits necessary, regardless of any previous or folloWing RF. 
Consequently, a compression ratio can be obtained, Which is 
higher than that obtained With the conventional algorithms, 
over a Wide range of sequence length distributions in the 
data to compress. Additionally, the variable Width RF is data 
driven in that the data to compress is What controls hoW 
many bits are used to represent the RF. Therefore, it is 
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unnecessary to know the bit value sequence distribution in 
advance, Which makes the method in accordance With the 
present invention Well suited for real-time application. 

Although the present invention has been described in 
accordance With the embodiments shoWn, one of ordinary 
skill in the art Will readily recognize that there could be 
variations to the embodiments and those variations Would be 
Within the spirit and scope of the present invention. 
Accordingly, many modi?cations may be made by one of 
ordinary skill in the art Without departing from the spirit and 
scope of the appended claims. 
What is claimed is: 
1. A method for encoding a plurality of bit sequences, 

comprising: 
(a) reading the plurality of bit sequences, Wherein each bit 

sequence comprises a plurality of consecutive equal 
valued bits of an input bit stream; 

(b) determining a value of a repeat factor for each bit 
sequence, Wherein the value of the repeat factor is a 
number of bits in the bit sequence; 

(c) determining a value for a repeat factor encoding Width 
for each bit sequence, Wherein the value for the repeat 
factor encoding Width is a minimum number of bits 
required for the value of the repeat factor for the bit 
sequence, Wherein the minimum number of bits varies 
among the plurality of bit sequences; and 

(d) encoding each of the plurality of bit sequences using 
its repeat factor encoding Width and repeat factor. 

2. The method of claim 1, Wherein the reading step (a) 
comprises: 

(a1) reading a ?rst bit of the input bit stream; 
(a2) setting a previous bit equal to the ?rst bit; 
(a3) reading a neXt bit of the input bit stream; 
(a4) setting a current bit equal to the neXt bit; 
(a5) determining if the previous bit equals the current bit; 
(a6) setting the previous bit equal to the current bit if the 

previous bit equals the current bit, and return to step 
(a3); and 

(a7) stopping the reading if the previous bit does not equal 
the current bit. 

3. The method of claim 1, Wherein the determining step 
(b) comprises: 

(b1) setting the value of the repeat factor equal to a 
predetermined maXimum number if the value of the 
repeat factor is greater than the predetermined maXi 
mum number. 

4. The method of claim 1, Wherein the determining step 
(c) comprises: 

(c1) setting the value of the repeat factor encoding Width 
equal to one, if the value of the repeat factor is not 
greater than one; and 

(c2) setting the value of the repeat factor encoding Width 
equal to one plus a largest integer not greater than a 
binary logarithm of the value of the repeat factor, if the 
value of the repeat factor is greater than one. 

5. The method of claim 1, Wherein the encoding step (d) 
comprises: 

(d1) Writing the repeat factor encoding Width for each bit 
sequence to an output bit stream; and 

(d2) Writing the repeat factor for each bit sequence to the 
output bit stream. 

6. The method of claim 1, Wherein prior to the reading 
step (a) comprises: 

(a1) initialiZing the value of the repeat factor equal to one. 

8 
7. The method of claim 1, further comprising: 
(e) inserting a Zero length sequence for a bit value 

opposite to a value of the bit sequence. 
8. The method of claim 7, Wherein the inserting step (e) 

5 comprises: 
(e1) setting the value of the repeat factor equal to Zero; 

and 

(e2) encoding the Zero length sequence With the value of 
the repeat factor equal to Zero. 

9. A computer readable medium With program instruc 
tions for encoding a plurality of bit sequences, the instruc 
tions for: 

10 

(a) reading the plurality of bit sequences, Wherein each bit 
sequence comprises a plurality of consecutive equal 
valued bits of an input bit stream; 

(b) determining a value of a repeat factor for each bit 
sequence, Wherein the value of the repeat factor is a 
number of bits in the bit sequence; 

(c) determining a value for a repeat factor encoding Width 
for each bit sequence, Wherein the value for the repeat 
factor encoding Width is a minimum number of bits 
required for the value of the repeat factor for the bit 
sequence, Wherein the minimum number of bits varies 
among the plurality of bit sequences; and 

(d) encoding each of the plurality of bit sequences using 
its repeat factor encoding Width and repeat factor. 

10. The medium of claim 9, Wherein the reading instruc 
tion (a) comprises instructions for: 

(al) reading a ?rst bit of the input bit stream; 
(a2) setting a previous bit equal to the ?rst bit; 
(a3) reading a neXt bit of the input bit stream; 
(a4) setting a current bit equal to the neXt bit; 
(a5) determining if the previous bit equals the current bit; 
(a6) setting the previous bit equal to the current bit if the 

previous bit equals the current bit, and return to step 
(a3); and 

(a7) stopping the reading if the previous bit does not equal 
the current bit. 

11. The medium of claim 9, Wherein the determining 
instructions (b) comprises instructions for: 

(b1) setting the value of the repeat factor equal to a 
predetermined maXimum number if the value of the 
repeat factor is greater than the predetermined maXi 
mum number. 

12. The medium of claim 9, Wherein the determining 
instructions (c) comprises instructions for: 

(c1) setting the value of the repeat factor encoding Width 
equal to one, if the value of the repeat factor is not 
greater than one; and 

(c2) setting the value of the repeat factor encoding Width 
equal to one plus a largest integer not greater than a 
binary logarithm of the value of the repeat factor, if the 
value of the repeat factor is greater than one. 

13. The medium of claim 9, Wherein the encoding instruc 
tions (d) comprises instructions for: 

(d1) Writing the repeat factor encoding Width for each bit 
sequence to an output bit stream; and 

(d2) Writing the repeat factor for each bit sequence to the 
output bit stream. 

14. The medium of claim 9, Wherein prior to the reading 
instruction (a) comprises instructions for: 

(al) initialiZing the value of the repeat factor equal to one. 
15. The medium of claim 9, further comprising instruc 

tions for: 
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(e) inserting a Zero length sequence for a bit value 
opposite to a value of the bit sequence. 

16. The medium of claim 15, Wherein the inserting 
instruction (e) comprises instructions for: 

(e1) setting the value of the repeat factor equal to Zero; 
and 

(e2) encoding the Zero length sequence With the value of 
the repeat factor equal to Zero. 

17. A method for encoding a plurality of bit sequences, 
comprising: 

(a) reading the plurality of bit sequences, Wherein each bit 
sequence comprises a plurality of consecutive equal 
valued bits of an input bit stream; 

(b) determining a value of a repeat factor for each bit 
sequence, Wherein the value of the repeat factor is a 
number of bits in the bit sequence; 

(c) determining a value for a repeat factor encoding Width 
for each bit sequence, Wherein the repeats factor encod 
ing Width is a minimum number of bits required for the 
value of the repeat factor for the bit sequence, Wherein 
the minimum number of bits varies among the plurality 
of bit sequences; 

(d) Writing the repeat factor encoding Width for each bit 
sequence to an output bit stream; and 

(e) Writing the repeat factor for each bit sequence to the 
output bit stream. 

18. A computer readable medium With program instruc 
tions for encoding a plurality of bit sequences, the instruc 
tions for: 

(a) reading the plurality of bit sequences, Wherein each bit 
sequence comprises a plurality of consecutive equal 
valued bits of an input bit stream; 

(b) determining a value of a repeat factor for each bit 
sequence, Wherein the value of the repeat factor is a 
number of bits in the bit sequence; 

(c) determining a value for a repeat factor encoding Width 
for each bit sequence, Wherein the repeat factor encod 
ing Width is a minimum number of bits required for the 
value of the repeat factor for the bit sequence, Wherein 
the minimum number of bits varies among the plurality 
of bit sequences; 

(d) Writing the repeat factor encoding Width for each bit 
sequence to an output bit stream; and 

(e) Writing the repeat factor for each bit sequence to the 
output bit stream. 

19. A method for encoding a plurality of bit sequences, 
comprising: 

(a) reading the plurality of bit sequences, Wherein each bit 
sequence comprises a plurality of consecutive equal 
valued bits of an input bit stream; 

10 
(b) determining a value of a repeat factor for each bit 

sequence, Wherein the value of the repeat factor is a 
number of bits in the bit sequence; 

(c) determining a value for a repeat factor encoding Width 
5 for each bit sequence, Wherein the repeat factor encod 

ing Width is a minimum number of bits required for the 
value of the repeat factor for the bit sequence, com 
prising: 
(c1) setting a value of the repeat factor encoding Width 

equal to one, if the value of the repeat factor is not 
greater than one, and 

(c2) setting the value of the repeat factor encoding 
Width equal to one plus a largest integer not greater 
than a binary logarithm of the value of the repeat 
factor, if the value of the repeat factor is greater than 
one; 

(d) Writing the repeat factor encoding Width for each bit 
sequence to an output bit stream; 

(e) Writing the repeat factor for each bit sequence to the 
output bit stream; and 

(f) inserting a Zero length sequence for a bit value 
opposite to a value of the plurality of consecutive 
equal-valued bits. 

20. A computer readable medium With program instruc 
tions for encoding a plurality of bit sequences, the instruc 

15 

25 tions for: 

(a) reading the plurality of bit sequences, Wherein each bit 
sequence comprises a plurality of consecutive equal 
valued bits of an input bit stream; 

(b) determining a value of a repeat factor for each bit 
30 sequence, Wherein the value of the repeat factor is a 

number of bits in the bit sequence; 
(c) determining a value for a repeat factor encoding Width 

for each bit sequence, Wherein the repeat factor encod 
ing Width is a minimum number of bits required for the 
value of the repeat factor for the bit sequence, com 
prising: 
(c1) setting a value of the repeat factor encoding Width 

equal to one, if the value of the repeat factor is not 
greater than one, and 

(c2) set the value of the repeat factor encoding Width 
equal to one plus a largest integer not greater than a 
binary logarithm of the value of the repeat factor, if 
the value of the repeat factor is greater than one; 

(d) Writing the repeat factor encoding Width for each bit 

35 

45 sequence to an output bit stream; 
(e) Writing the repeat factor for each bit sequence to the 

output bit stream; and 
(f) inserting a Zero length sequence for a bit value 

50 opposite to a value of the plurality of consecutive 
equal-valued bits. 

* * * * * 
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